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Introduction
Oils from vegetables are complex mixtures that contain several compounds and are made up of free fatty acids (FFA), triacylglycerols, glycolipids, diacylglycerols, phospholipids, and other minor components [1] . Vegetable oil usage is largely centered on the type of fatty acids present in the oil and these fatty acids fall into various lipid categories [1, 2] .
Fat is an important dietary component, which affects both growth and health. Even though polyunsaturated fatty acids (PUFAs) have been investigated to have health benefits [3] . Compositions of vegetable oils are valuable information in understanding their functional, quality and nutritional properties. Increasing the content of saturated fatty acids can enhance stability with the concomitant increase of the proportion of solid fat and the melting temperature [4] . Oilseeds vary widely in their fatty acids composition, but tend to be rich in monounsaturated fatty acids (MUFAs) (e.g. peanuts) or PUFA (e.g. sunflower seeds) [5] . Also, the composition of oleic, linoleic and linolenic acids in oil has an effect on the oxidative stability [6] .
to oxidation by radical processes. It is well known that free radicals are formed in food by ionizing irradiation, and the ratio of unsaturated to saturated total fatty acids (TU/TS) was significantly altered upon irradiation [7] .
Keeping in the interest of irradiation importance, the present study aimed at the investigation of gamma-radiation effects of medium doses (3, 6 and 9 kGy) on the fatty acid contents of sesame sunflower and peanut oils.
Materials and Methods

Treatments and analysis performed
Samples of sesame (Sesamum indicum L.) sunflower (Helianthus annuus L.) and peanut (Arachis hypogaea L.) seeds of Syrian cultivars were purchased from local supermarkets and special shops in Damascus, the capital of Syria. The seeds were harvested during 2013/2014 growing season, and stored at room temperature [20] [21] [22] [23] [24] [25] o C under relative humidity (RH) of 50-70%. Then seeds were weighed as in the sampling plan and transferred into polyethylene pouches for irradiation. Each pouch of seeds (250 g) was considered as a replicate. At the same production years (2014), the samples were exposed to gamma-radiation at doses of 3, 6 and 9 kGy in a 60 CO package irradiator. Samples were irradiated at place with a dose rate of 7.775 kGy h -1 , at room temperature and atmospheric pressure [8] . Oils from control and irradiated sesame, sunflower and peanut seeds after grinding were extracted by the manual Soxhlet apparatus (Scientific Apparatus Manufacturing Company, Glas-Col Combo Mantle, USA) for 16 h, using distilled AR (analytical grade) n-hexane as a solvent [15] . Oils were decanted and immediately transferred into dark glass bottles and stored at room temperature (20-25 o C) under relative humidity (RH) of 50-70% for analysis. The assessment of saturated and unsaturated fatty acid content using gas chromatography of oils extracted from irradiated and nonirradiated seeds samples were performed immediately after irradiation, and after 6 and 12 months of storage
Fatty acids (FA) determination
The lipid fraction of sesame, sunflower and peanut oil samples was extracted and FA methyl esters (FAME) were prepared [9] . The FAs content was determined by gas chromatography in a GC-17 a Shimadzu chromatograph (Shimadzu Corp., Koyoto, Japan) equipped with a flame ionization detector and a capillary column (CBP20-S25-050, Shimadzu, Australia). The selected chromatographic conditions were; oven temperature 190 o C, detector temperature 250 o C, injector temperature 220 o C; N2 was used as a carrier gas with split ratio 29:1, the sample volume injected was 1 μl. Peak areas were integrated and converted to FA percentages (direct area normalization) by means of the CLASS -VP 4.3 program (Shimadzu Scientific Instruments, Inc., Columbia, MD). The FA identification, prior to GC analysis, was carried out by retention times and by addition of standards from Fluka Chemie, (Bches SG. Switzerland) and a reference laboratory.
Statistical analysis
The four treatments were distributed in a completely randomized design with three replicates. Data were subjected to variance test analysis (ANOVA) using the SUPERANOVA computer package (Abacus Concepts Inc, Berkeley, CA, USA; 1998). The p value of less than 0.05 was considered statistically significant. The degree of significance was denoted as: p<0.05*, p<0.01** [16] .
Results and Discussion
Effect of gamma-irradiation on fatty acid of sesame seed oil The fatty acid content of total lipid extracted from non-irradiated sesame seed oil is shown in Figure 1 . Also the percentage of individual fatty acid compositions of total lipids extracted from non-irradiated and irradiated sesame seeds at different doses and several storage times are shown in Table 1 . The major of fatty acids in oil extracted from non-irradiated control samples of local cultivated sesame seeds were palmitic (C16:0) (9.08%) stearic (C18:0) (5.30%) oleic (C18:1) (42.33%) and linoleic (C18:2) (42.85%) acids. The present findings are in harmony with previous studies, indicating that all sesame seed lipids had oleic and linoleic acids as the most predominant ones among the unsaturated fatty acids. Similarly, palmitic and stearic acid are the most prevalent among the saturated acids in sesame seed oil [17] . Sesame oils are highly resistant to oxidative deterioration even though oleic and linoleic acids are the predominant fatty acids of sesame oil, about 80% of its total [18] .
Results of the current study are somehow similar to that of Nzikou et al. [19] which indicated that the France sesame seed oil contained palmitic (8.58%) stearic (5.44%) oleic (38.84%) and linoleic (46.26%) acids, (14.90%) as saturated and (85.62%) as un-saturated fatty acids. Compared to the Sudan variety (white spices of sesame) studied by Elleuch et al. [20] , the Syrian extracted sesame seed oil had higher amounts of linoleic acid (∼42 against ∼35%) and lower amount of oleic acid (∼42 against ∼44%). However, fatty acid composition varies considerably depending on where the crop was grown. It has been shown that environmental factors play an important role in fatty acid composition [21] .
The presented data showed an increase in the percentage of saturated fatty acids, that was insignificant (p>0.05) for C16:0 and significant (p<0.05) for C18:0, and significant (p<0.05) decrease in the polyunsaturated (PUFA) fatty acids (C18:2) with an irradiation dose of 9 kGy. Irradiation (7.5 kGy) caused a significant gradual decrease in the unsaturated fatty acid content increase as irradiation dose increased in sesame seeds [7, 17] . In addition, UV-irradiation obviously destroyed the unsaturated fatty acids in peanut oil at various degrees, and their decreases were time dependent [22] . On the other hand, Barreira et al. [23] reported that radiation dose of 3 kGy did not induce any differences on monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids. Also, Mexis et al. [24] reported no statistically significant (p>0.05) change in unsaturated fatty acids of almond kernels irradiated with a dose up to 7 kGy.
The relative quantities of total un-saturated fatty acids (TUFA) and total saturated fatty acids (TSFA) in oil are important issues for health and nutrition. The ratio of TUFA to saturated TSFA (TUFA/TSFA) is important in projecting the detrimental effects of dietary fats [25] . The ratio between total unsaturated fatty acids and saturated ones (TU/TS) was 5.96 for the control sesame oil, while it decreased gradually along with irradiation doses (Table 2) .
Effects of gamma-irradiation on fatty acid of sunflower oil
Compositions and differences related with irradiation doses and storage times; such as palmitic (C16:0), stearic (C18:0), oleic (C18:1) and linoleic (C18:2) fatty acids, and total saturated and unsaturated fatty acids were statistically analyzed. Other fatty acids were not analyzed since they do not indicate a significant difference regarding the irradiation exposure dose and proportional side. Figure 2 and Table 3 show that oils extracted from non-irradiated (control) sunflower seeds contained (6.09%) palmitic acid (3.17%) stearic acid (43.52%) oleic acid and (48.19%) linoleic acid which comprised 100% of total fatty acids. Fatty acid composition of sunflower seed oil has been reported by a number of scientists to vary with planting location and with climatic conditions during the growing season. Sunflower oil content of fatty acids presented in this study is similar to that of Samarth and Mahanwar [26] , Makhoul et al. [27] and Hosein et al. [28] who reported that sun flower oil contained palmitic (5.81-8.0%) stearic (3.35-6.3%) oleic (23.81-42.6%) and linoleic (46-65.73%) acids.
Data in
Gamma-irradiation caused a noticeable alteration in the unsaturated and saturated fatty acid composition of sunflower seed oil which showed a decrease (p<0.05) in the relative amounts of palmitic acid (C16:0) at a 6 and 9 kGy, and an increase (p<0.05) in the linoleic acid (C18:2) (p<0.05) ( Table 2 ). The present findings agree with previous studies, where it was found that gamma-irradiation had some effects on the physical and chemical composition of soybeans [29] . In contrast to our results, the fatty acid linoleic C18:2 is considered to be the most affected one by gamma-radiation which was decreased by over 2% followed by oleic C18:1 when irradiated at 7.5 kGy [7] . Finally Al-Bachir, [11] indicated that, SFA and USFA of 
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Al-Bachir. almond were not affected by irradiation with irradiation dose up to 3 kGy.
There is a significantly increase (p<0.05) in the concentration of total unsaturated fatty acids in sunflower seed oil while total saturated fatty acids have been significantly (p<0.05) reduced as a result of the irradiation process. Also, the ratio between total unsaturated and saturated fatty acids (TU/ TS) was 9.90 for the control sunflower oil seeds. There are slight differences in TU/TS values between oil extracted from irradiated and un-irradiated seeds, but sometime significant (p<0.05), while it increased gradually in parallel with the irradiation doses ( Table 4 ).
The ratio of total unsaturated over total saturated (TUSFA/TSFA) was used to predict the shelf-life of seeds: indicating that the lower the ratio, the longer was product shelf-life [30] . In the present study, when the analysis was taken immediately after irradiation, these ratios were 9.90, 9.95, 10.09 and 10.35 for oil extracted from sunflower seed treated with 0, 3, 6 and 9 kGy, respectively. After 12 months of storage, the TUSFA/TSFA ratio was 10.25, 9.91, 9.30 and 9.43 for oil extracted from sunflower seed treated with 0, 3, 6 and 9 kGy, respectively ( Table 4) .
Effects of gamma-irradiation on fatty acid of peanut seed oil
The fatty acid content of total lipid extracted from nonirradiated peanut oil is shown in Figure 3 . Data of fatty acid composition of oil extracts from irradiated and non-irradiated (control) peanut seed samples, which can be used to evaluate its stability and nutritional quality, is shown in Table 5 . Three major fatty acids, namely, palmitic (C16:0), oleic (C18:1) and linoleic (C18:2) were found in peanut seeds oil and they constituted more than 97% of the total amount. The peanut seed oil contained 13.30% saturated fatty acids, with the major one being palmatic acid 10.82% followed by stearic acid (2.37%), while it was high in un-saturated fatty acids with a total content of 86.7%. Shin et al. [31] and De Camargo et al. [10] reported that palmitic acid (C16:0) ranged from 5.31% to 11.49%; stearic acid (C18:0), 1.46% to 4.76%; oleic acid (C18:1), 44.78% to 82.17%; and linoleic acid (C18:2) 2.85% to 33.92. This is in good agreement with the findings of Shin et al. [31] whose data confirm that fatty acid composition can be different, even within the same cultivar and the same harvest year.
The high content of monounsaturated fatty acid (MUFA) particularly oleic acid (C18:1) (49.69%) is associated with a low incidence of coronary heart disease (CHD) because it decreases total cholesterol and low-density lipoprotein cholesterol [32] . However, unsaturated fatty acids like oleic acids, linoleic and linolenic fatty acids are fundamental in the human diet as they can't be produced by animal metabolism [33] .
The oleic to linoleic acid (O/L) ratio is a quality index employed for the determination of genetic peanut characteristics classified as normal, mid and high oleic types, ranging from 1.0 to 1.5; 1.5 to 9.0, and above 9.0, respectively [31] . The present study was carried out with normal oleic peanuts (O/L = 1.35). The ratio of oleic and linoleic acid (O/L) is also important features in determining peanut seed shelf-life and oil stability.
Results show a slight increase in the relative percentages of the total saturated fatty acids (TF) at doses of 3, 6 and 9 kGy, and slight decrease in the relative percentages of the total unsaturated fatty acids (TUF) at doses of 3 and 6 kGy. The present finding agrees with those obtained by Afify et al. [7] on peanut seed treated with dose up to 7.5 kGy. Similar results were reported by Olotu et al. [2] for fatty acid profile of African oil bean seeds treated with 10 kGy of gammairradiation. Golge and Ova [34] reported that the effect of irradiation at dose up to 5 kGy on palmatic, stearic, oleic and linleic acids was statistically insignificant (p>0.05) for pine nut. Brewer [35] reported that the lipids that are affected by irradiation are mainly the two or more double bonded polyunsaturated fatty acids. On the other hand, there was almost no change in fatty acid composition of peanut oil when prepared by microwave processing until 12 min [36] .
Effects of storage times on fatty acid content of sesame sunflower and peanut seeds oil
The effects of storage time on individual fatty acids of sesame sunflower and peanut seeds oil are shown in Tables 1,  3 and 5 respectively, while the effect of storage time on total saturated (S), total unsaturated (US) and US/S ratio of sesame sunflower and peanut seeds oil are show in Tables 2, 4 and 6 respectively. In general, storage time caused a significant (p<0.05) difference between the fatty acid composition of the sesame sunflower and peanut seeds oil. The presented data show an increase in the percentage of the total saturated fatty acids and decrease in the percentage of the total unsaturated fatty acids of peanut seed oil (Table 6 ). While, the data also shown a decrease in the percentage of the total saturated fatty acids and increased in the percentage of the total unsaturated fatty acids of sunflower seed oil (Table 4) . Moreover, the total saturated and total unsaturated fatty acids remained unaffected during storage ( Table 2 ). The increase in SFA and the decrease in USFA during storage was probably due to the preferential cleaving double bonds. Storage may cause the saturation of double bonds of palmitoleic (C16:1), linoleic (C18:2) and linolenic acid (C18:3). Mexis et al. [37] , who reported an increase in saturated fatty acids along a decrease in unsaturated fatty acids in ground almonds during storage. The decrease in the unsaturated fatty acid content and the concomitant increase in the saturated fatty acid content are explained by De Camargo et al. [10] , who stated that the ratio of the oxidation rates of stearic, oleic, linoleic and linolenic acids was 1: 10: 100: 200. Another study suggested that, the decrease in unsaturated fatty acids during oil storage is mainly due to a molecular structure change in fatty acids [38] . 
Conclusion
Sesame, sunflower and peanut seed oil is of unsaturated type and that oil can be classified in the oleic-linoleic acid group. Irradiation of seeds with medium doses (3 to 9 kGy) that are recommended in the literature for eliminating microorganisms did not affect fatty acids profiles and retained polyunsaturated fatty acids present in oil extracted from sesame, sunflower and peanut seeds.
